Introduction

26
The reactions of different species to external stimuli are not independent. Because physiological 
where y is the response variable, µ is the intercept, x is an explanatory variable, β the regression 88 coefficient, a represents the effects due to the phylogenetic structure, b the effects due to the 89 intraspecific structure, and e the residuals. x is a fixed effect (there could be more than one),
90
whereas a and b are random effects. The random effects and residuals are assumed to follow 91 normal distributions:
σ 2 a is the phylogenetic variance, σ 2 b is the intraspecific variance, and σ 2 e is the residual variance.
93
The matrices A and B represent the phylogenetic and the intraspecific correlation structures,
94
respectively. The identity matrix I indicates that the residuals are independent and identically 95 distributed. Accordingly, the (co)variance structure (V) of the model is V = σ 2 a A + σ 2 b B + σ 2 e I.
96
The total variance (σ 2 = σ 2 a + σ 2 b + σ 2 e ) can be partitioned in heritable and non heritable por- 
In other words, the residuals of the regression are normally distributed according to a correlation 109 structure that is a combination of phylogenetic and intraspecific effects, with respective weights 110 determined by the parameter δ. The main difference with the PMM is the absence of a residual 111 term: in PGLS residuals are completely structured by the genetic correlation matrices provided.
112
This assumption can be relaxed by rescaling the phylogenetic tree to give more or less weight to 113 the terminal branches of the tree (Revell, 2010 ). We do not consider this PGLS model further here,
114
but it is compared to the PMM using simulations in Appendix S1. intraspecific variances, and tested how this affected the estimation of the fixed and random effects.
120
The data simulations followed closely those of Revell (2010) and are described in Appendix S1.
121
One difference is the intraspecific correlation structure that corresponded to the mean variance We investigated the usefulness of using the PMM on an ecological study design that included 149 both inter-and intraspecific variation. We analyzed a subset of a larger experiment for which we Figure 1 : Results of the simulation study for the four variance structure models in terms of slope accuracy and precision, and for estimates of the heritable proportion of the total variance (heredity) with 10 species and 10 individuals per species. Accuracy is the mean absolute distance between the estimated slope (β) and the true slope (β), precision is the mean of the standard deviation of the posterior distribution ofβ for each simulation, and heredity is the proportion of the total variance explained by the genetic correlation structure (the dashed line indicates the true value). The x-axis indicates the ratio of phylogenetic (σ 
210
The MCMC runs showed good convergence (PRSF = 1 for fixed and random effects). The 211 model that best fitted the data was intra according to the DIC (2117), followed by inter + intra 212 (2123), inter (2135) and null (2426). Incorporating intraspecific structure thus resulted in an 213 important improvement in fit (models intra and inter + intra), while not accounting for genetic 214 correlation (null) clearly resulted in a poorer fit.
215
The wider posterior intervals obtained for the fixed effects with the null model illustrate the 216 importance of taking into account the genetic structure present in the data (Fig. 3) . This was par-217 ticularly important for the interaction between warming and photoperiod: the confidence interval 218 included 0 for the null model but not the three other models. The three models that accounted 219 for the genetic correlation structure gave similar results, but there was a slight improvement in 220 precision when the intraspecific genetic structure was included. The results suggest that the 5 • C 221 warming treatment had the strongest effect on budburst, followed by a longer (four hours) pho- Table 1 : Mean proportion of the total variance explained by the random effects of the models fitted to explain change in days for budburst, with their 95% posterior intervals (in brackets). The heredity (h 2 ) and the proportion of the total genetic structure due to the intraspecific correlation (σ toperiod (Fig. 3) . The interaction between these effects was positive and significant (except for the 223 null model), suggesting that they are not additive.
224
Regarding the partitioning of the variance, the genetic correlation structures explained about 225 two-thirds of the total variance for all models ( on the phylogeny to the factor representing the species in the dataset (see Appendix S2).
288
Modelling guidelines
289
The importance of accounting for intraspecific genomic relatedness will depend on the importance ance has a greater relative importance compared to the phylogenetic variance (provided that the 294 phylogenetic structure is corrected for).
295
The gain from modelling intraspecific correlation structure also depends on the genetic bases of have resulted in larger improvements when accounting for the intraspecific correlation structure.
302
On a practical aspect, we used the terminology inter-and intraspecific in this study, but the 303 delimitation between the two genetic correlations structures does not have to be at the species 304 level. The decision should be taken depending on the nature of the study. In some cases, it might 305 be logical to have a genetic structure above and below subspecies, and in others such as in recent 306 species complexes it might be interesting to characterize the genetic correlations between closely 307 related species using genome wide markers to capture the complex mosaic structure of genomes. scripts, budburst data and processed sequence data will be deposited in a public archive.
